Microtubule assembly competence analysis of freshly-biopsied human tau, dephosphorylated tau, and Alzheimer tau.
Phosphorylation of the microtubule-associated protein tau regulates its binding to microtubules; highly phosphorylated tau is also a prime component of paired helical filaments (PHFs) of Alzheimer's disease (AD). Tau from freshly biopsied human, monkey, and rat brain share similar electrophoretic mobility patterns and overlapping phosphorylated epitopes when compared to AD tau isolated from AD brain. We compared the microtubule reassembly competence of fresh isolates of phosphorylated tau to that of maximally dephosphorylated tau and tau from AD brain. A rapid procedure was developed which permitted the enrichment of phosphorylated and dephosphorylated tau from human biopsies in the absence of protein kinase and phosphatase activity. Microtubule assembly assays, using a spectrophotometric measure and purified bovine brain tubulin, were used to correlate assembly competence with states of tau electrophoretic mobility. Maximally dephosphorylated human biopsy-derived tau and monkey tau were assembly competent; tau from AD brain was virtually unable to direct microtubule assembly. Unmodified, biopsy-derived tau from non-AD brain was intermediate in assembly competence relative to AD tau and dephosphorylated tau. Several lines of evidence were used to correlate phosphorylation states of tau with microtubule assembly. First, in vitro dephosphorylation of human biopsy-derived tau with either PP2A or PP2B alone or in combination led to increasing assembly competence as the electrophoretic mobility of tau increased. Second, addition of the protein phosphatase inhibitor okadaic acid (10 microM) to brain-slice preparations slowed electrophoretic mobility of tau and decreased binding competence. We suggest that tau derived from freshly-biopsied brain exists in a range of phosphorylated states, and that dephosphorylation by PP2A and/or PP2B increases microtubule assembly competence.